The ATR FT-IR spectra of Pinus ponderosa sporopollenin isolated from pollen spores by enzymatic digestion. Sporopollenin is also isolated by solvent extraction, followed by either acidolysis with phosphoric acid, and acetolysis is reported [1] . The FT-IR spectra are supplemented by XPS data of the isolated sporopollenin samples. The enzymatically isolated sporopollenin is subjected to a variety of chemical treatments and modifications, including alkaline hydrolysis, deuteration (by both D 2 0 and methanol-d 4 ), sodium cyanoborohydride reduction, hydrolysis by peracetic acid, bromination, acetylization with acetone and octanal, and acidcatalyzed ketal cleavage. The sporopollenin isolated by acidolysis and acetolysis are also subjected to alkaline hydrolysis. The sporopollenin samples are compared to a variety of model compounds representative of putative structural constituents and functional groups.
Data
The dataset contains both XPS and FT-IR data of sporopollenin from Pinus ponderosa pollen exine. The sporopollenin was isolated from the pollen by three different treatment protocols (enzymatic digestion, acidolysis, and acetolysis) [1] . To further elucidate spectroscopic features, the sporopollenin isolated by all three procedures was treated with potassium hydroxide. FT-IR spectra are also included for the enzymatically isolated sporopollenin after deuteration (with methanol-d 4 and D 2 O), amination (with sodium cyanoborohydride), oxidation (with peracetic acid), bromination (with bromine in chloroform and water), and acetalization (with acetone in the presence or absence of iodine, and with octanal in the presence of iodine). FT-IR spectra are also included for the acetone and octanal ketal products further hydrolyzed, by hydrochloric acid and bromine, respectively. The FT-IR spectra of several reference compounds containing either putative sporopollenin substituents or representative functional groups are also reported. These include aliphatic saturated and unsaturated fatty acids (stearic and oleic), a fatty acid ester (glycerol trioleate), several cinnamic acids, n-octane, octanal, 5-nonanol, 1-hexadecanol, b-carotene, 4-hydroxy-6-methoxy-2-pyrone, and di-n-hexyl ether. The FT-IR spectra of other reference polymers are also reported, including commercially available Pinus pollen, Lycopodium sporopollenin, poly(vinyl alcohol), citrus pectin, cellulose, and deuterated cellulose.
The XPS data are provided in the Supplementary Data as both comma-separated variables and in the PHI Multipak spe format. The samples and corresponding filename prefixes are listed in Table 1 .
Specifications Table   Subject Agricultural and Biological Science: Plant Science Specific subject area
Composition of the plant-derived biopolymer sporopollenin Type of data FT-IR spectra and X-ray photoelectron spectra How data were acquired Attenuated total reflectance Fourier transform infrared spectra was performed using a Nicolet iS50 FTIR spectrometer equipped with a Smart iTR ATR sampling accessory. Xray photoelectron spectroscopy (XPS) was carried out using a Physical Electronics PE-5800 X-ray photoelectron spectrometer. Data format Raw data after atmospheric suppression (ATR FT-IR) Raw data (XPS) Parameters for data collection Sporopollenin was isolated from Pinus ponderosa by several common procedures, and was chemically treated and modified. Reference compounds were used as received.
Description of data collection
The ATR-FTIR instrument was operated with a DTGS/KBr detector and KBr beamsplitter (XT-KBr). Spectra were generated from 64 scans with a data spacing of 0.964 cm À1 over the range of 4000 to 650 cm
À1
. The XPS spectrometer used an Al Ka X-ray source (1486.6 eV). Spectra were acquired in the range of 1100e10 eV with a pass energy of 187.85 eV and a step size of 1.6 eV at a take- Value of the Data The chemical structure of sporopollenin is unknown; these data can be used to test hypotheses about sporopollenin structure. Biologists, chemists, and materials scientists might use these data to infer the structure of sporopollenin, and to elucidate structure-function-property relationships. Future studies of sporopollenin structure by FT-IR and other techniques could use these data as a reference; future studies might refine band assignments to particular functional groups.
ATR FT-IR data are organized into five groups and provided in the Supplementary data. The five groups of spectra and the corresponding filename prefixes and sample identification numbers are listed in Table 2. 2. Experimental design, materials, and methods
Materials
Glyceryl trioleate (99%) and sodium cyanoborohydride (95%) were obtained from Acros Organics (Morris Plains, NJ, USA). Acetic anhydride (>97%), bromine (99.8%), b-carotene (99%), citrus pectin, din-hexyl ether (98%), 1-hexadecanol (98%), trans-4-hydroxycinnamic acid (98%), trans-4-hydroxy-3-methoxycinnamic acid (99%), 4-hydroxy-6-methyl-2-pyrone (98%), iodine (>99.99%), trans-4-methoxycinnamic acid (98%), microcrystalline cellulose, 5-nonanol (98%), octanal (98%), and oleic acid (99%) were purchased from Alfa Aesar (Ward Hill, MA, USA). Peracetic acid solution (32% w/w in dilute acetic acid) and protease from Aspergillus oryzae were obtained from Sigma-Aldrich (St. Louis, MO, USA). Methyl trans-4-hydroxycinnamate (>98.0%) and stearic acid (>98.0%) were obtained from TCI America (Portland, OR, USA). Cellulase and Macerozyme R-10 were obtained from Yakult Pharmaceutical Industry Co, Ltd. (Tokyo, Japan). Sporopollenin (Lycopodium) was purchased from Polysciences, Inc. (Warrington, PA, USA). Pollen from Pinus ponderosa was purchased from the Canadian Pine Pollen Company (North Vancouver, BC, Canada). The pollen was harvested during May and June of 2017 in Merritt, BC, Canada, and was sifted through 200 mesh and dehydrated by solar dryer prior to use. Deionized water (18.2 MU $cm) was supplied by a Milli-Q Synthesis A10 water purification system.
Methods

Infrared spectroscopy
Attenuated total reflectance Fourier transform infrared spectroscopy (ATR-FTIR) was performed using a Nicolet iS50 FTIR spectrometer equipped with a Smart iTR ATR sampling accessory and a diamond crystal plate (Thermo Fisher Scientific, Madison, WI, USA). The instrument was operated with a DTGS/KBr detector and KBr beamsplitter (XT-KBr). Spectra were generated from 64 scans with a data spacing of 0.964 cm À1 over the range of 4000 to 650 cm
À1
. Spectra were processed (atmospheric suppression; ATR correction was not applied) and band positions were obtained using the OMNIC software suite.
X-ray photoelectron spectroscopy
X-ray photoelectron spectroscopy (XPS) was carried out using a Physical Electronics PE-5800 X-ray photoelectron spectrometer with an Al Ka X-ray source (1486.6 eV) (Chanhassen, MN, USA). Samples were stored in a desiccator prior to analysis and were distributed as a densely packed layer on doublesided carbon tape. Spectra were acquired in the range of 1100e10 eV with a pass energy of 187.85 eV and a step size of 1.6 eV at a take-off angle of 45 . 2.2.3. Isolation of sporopollenin by enzymatic digestion of the P. ponderosa pollen intine (R-1.01, R-1.01a, R-1.02, and R-1.02a) Pinus ponderosa pollen (500 mg; n ¼ 3) was suspended in 20 mL of deionized water and stirred continuously for 24 h. After this period had elapsed, the suspension was filtered through sintered glass and the pollen was washed with 5 Â 10 mL of deionized water, then re-suspended in 20 mL of 0.1 M sodium acetate buffer (pH 4.5) containing 1% w/v Cellulase and Macerozyme R-10 and stirred at 30 C for 72 h to hydrolyze the pollen intine. Following the enzymatic digestion, the pollen suspension was filtered and the recovered solid washed with 5 Â 10 mL of deionized water, then stirred for an additional 24 h in 20 mL of deionized water at 30 C. The solid was again isolated by filtration of the R-1.12 (1); R-1.12 (2); R-1.12(3) after treatment with acetone (without I 2 ) R-1.13 (1); R-1.13 (2); R-1.13 (3) sporopollenin-acetone ketal treated with HCl R-1.14 (1); R-1.14 (2); R-1.14(3) after treatment with octanal (with I 2 ) R-1.15 (1) suspension and washed with 5 Â 10 mL of deionized water, 3 Â 10 mL of methanol, and 3 Â 10 mL of diethyl ether. Five discrete 24 h extractions were performed in sequence by stirring the solid in 20 mL of diethyl ether, chloroform, methanol, 2-ethoxyethanol, or water. Between extractions, the pollen suspension was filtered and the recovered solid was washed with 5 Â 10 mL of the extraction solvent, followed by 3 Â 10 mL of the following solvent in the sequence. Once this procedure had been completed, the pollen was washed with 10 Â 10 mL of deionized water and dried under vacuum to yield 130 ± 7 mg of putative sporopollenin as a pale yellow powder (R-1.01a). To remove nitrogenous contaminants and produce material suitable for spectroscopic analysis, sporopollenin was incubated in deionized water at 40 C for 72 h under constant agitation, recovered by centrifugation, and subsequently washed with 3 Â 10 mL of deionized water by repeated centrifugation (R-1.02). For XPS analysis the incubation in deionized water and washing was repeated for an additional 72 h (144 h total) (R1.02a). As a control experiment, the enzymatic digestion was repeated without extraction with organic solvents, following an otherwise identical protocol (R-1.01 To prepare P. ponderosa pollen for acidolysis with phosphoric acid or acetolysis, it was first extracted with a sequence of solvents to remove soluble organic compounds. P. ponderosa pollen (4.00 g) was suspended in 160 mL of deionized water and vigorously stirred for 24 h. The pollen suspension was filtered through sintered glass and the recovered solid was washed with 5 Â 80 mL of deionized water, 3 Â 80 mL of methanol, and 3 Â 80 mL of diethyl ether. Pollen was then stirred for 24 h in 160 mL of diethyl ether, 24 h in chloroform, and 48 h in methanol. Between each extraction, the pollen suspension was filtered and the solid was washed with 5 Â 80 mL of the extraction solvent, followed by 3 Â 80 mL of the following solvent in the sequence. After filtration, the solid was washed with 5 Â 80 mL of diethyl ether and methanol, then placed under vacuum to yield solvent-extracted P. ponderosa 2.2.5. Isolation of sporopollenin by acidolysis of P. ponderosa pollen with phosphoric acid (R-3.01) P. ponderosa pollen (200 mg; n ¼ 3) that had previously been extracted with organic solvent (vide supra) was suspended in 10 mL of 85% w/w phosphoric acid. The resulting suspension was stirred at 50 C for 72 h, then the solid was isolated by filtration through sintered glass. The pollen was washed with 5 Â 10 mL of 85% w/w phosphoric acid, 10 Â 10 mL of deionized water, and 3 Â 10 mL of methanol, then washed with an additional 3 Â 10 mL of deionized water by repeated centrifugation and disposal of the supernatant. The resulting solid was placed under vacuum to yield 81 ± 1 mg of putative sporopollenin as a light brown powder. 2.2.6. Acetolysis of P. ponderosa pollen (R-4.01) P. ponderosa pollen (200 mg; n ¼ 3) that had previously been extracted with organic solvent was suspended in 10 mL of a mixture consisting of 90% v/v acetic anhydride and 10% v/v of concentrated sulfuric acid. This suspension was stirred at 90 C for 15 min, then the blackened solid was collected by filtration through sintered glass. The acetolyzed pollen was washed with 5 Â 10 mL of glacial acetic acid, 10 Â 10 mL of deionized water, and 3 Â 10 mL of methanol, then washed with an additional 3 Â 10 mL of deionized water by repeated centrifugation as described previously. The solid was placed under vacuum to yield 118 ± 3 mg of putative sporopollenin as a coarse black powder. 
Proteolysis of solvent-extracted P. ponderosa pollen with Aspergillus oryzae protease (R-2.02)
Solvent-extracted P. ponderosa pollen (5 mg; n ¼ 3) was suspended in 5 mL of 0.1 M sodium acetate buffer (pH 5.0) containing 1% w/v protease from A. oryzae. The suspension was heated at 40 C for 72 h with constant agitation, then centrifuged to sediment the pollen. The pollen was subsequently washed with 3 Â 10 mL of deionized water by repeated centrifugation, then suspended in 5 mL of deionized water and heated at 40 C for 72 h under constant agitation to remove any residual soluble contaminants. At the end of this incubation period, the previously described washing process was repeated with 3 Â 10 mL of deionized water, followed by 3 Â 10 mL of methanol. After evaporation of solvent under vacuum, the product was recovered as a pale yellow powder. 
Treatment of enzymatically-isolated sporopollenin with deuterium oxide (R-1.04)
Enzymatically-isolated sporopollenin (5 mg; n ¼ 3) was suspended in 5 mL of deuterium oxide and heated at 40 C for 36 h. Deuterium oxide was removed and replaced with an equal volume, and the suspension was heated at 40 C for an additional 36 h. Following this incubation period, deuterium oxide was removed under vacuum and the sporopollenin was recovered as a pale yellow powder. ATR- 
Treatment of enzymatically-isolated sporopollenin with sodium cyanoborohydride (R-1.07)
Enzymatically-isolated sporopollenin (5 mg; n ¼ 3) was suspended in 5 mL of tetrahydrofuran, followed by the addition of 50 mg (8 Â 10 À4 mol) of sodium cyanoborohydride. After 48 h at ambient temperature (20 C), the mixture was diluted with 5 mL of deionized water and 150 mL of 37% w/v hydrochloric acid was added. When evolution of hydrogen gas had ceased, the sporopollenin was isolated by centrifugation and washed with 3 Â 10 mL of deionized water and 3 Â 10 mL of methanol. 2.2.12. Treatment of enzymatically-isolated sporopollenin with peracetic acid (R-1.08 and R-1.09) Enzymatically-isolated sporopollenin (5 mg; n ¼ 3) was suspended in 4.5 mL of deionized water, followed by the addition of 0.5 mL of 32% w/w peracetic acid solution in dilute acetic acid. This sporopollenin suspension was allowed to stand at ambient temperature (20 C) for 72 h in the absence of light. The solid was recovered by centrifugation and was washed with 3 Â 10 mL of deionized water and 3 Â 10 mL of methanol. After evaporation of residual solvent, the product was obtained as a vivid yellow solid. The entire sequence was subsequently repeated by directly exposing sporopollenin to 0.5 mL of 32% w/w peracetic acid solution, without further dilution. After 72 h, the sporopollenin had largely dissolved and a small amount of colorless residue was recovered following the isolation procedure described above. ATR-FTIR (low conc.; R-1. 2.2.13. Treatment of enzymatically-isolated sporopollenin with elemental bromine (R-1.10) Enzymatically-isolated sporopollenin (5 mg; n ¼ 3) was suspended in 2.5 mL of chloroform, followed by the addition of 10 mL (2 Â 10 À4 mol) of elemental bromine to produce a red-orange solution.
This mixture was carefully protected from light and allowed to stand at ambient temperature (20 C) for 72 h. The chloroform was diluted with 7.5 mL of methanol, then the suspension was centrifuged to sediment the sporopollenin. The supernatant was removed and the solid was washed with 3 Â 10 mL of methanol by repeated centrifugation to isolate the product as a coarse tan powder. 2.2.14. Treatment of enzymatically-isolated sporopollenin with aqueous elemental bromine (R-1.11) Enzymatically-isolated sporopollenin (5 mg; n ¼ 3) was suspended in 2.5 mL of 0.1 M sodium acetate buffer (pH 5.0), followed by the addition of 100 mL (2 Â 10 À3 mol) of elemental bromine to produce a fuming biphasic mixture. This mixture was carefully protected from light and allowed to stand at ambient temperature (20 C) for 72 h. Excess bromine was removed under vacuum, then the mixture was diluted with 5 mL of deionized water and centrifuged to sediment the sporopollenin. The supernatant was removed and the solid was washed with 3 Â 10 mL of deionized water and 3 Â 10 mL of methanol by repeated centrifugation. The product was obtained as a nearly colorless powder. 2.2.15. Treatment of enzymatically-isolated sporopollenin with acetone in the presence and absence of elemental iodine (R-1.12 and R-1.13) Enzymatically-isolated sporopollenin (5 mg; n ¼ 3) was suspended in 5 mL of acetone containing 0.1% w/v elemental iodine (5 mg; 2 Â 10 À4 mol). The resulting reddish-brown solution was heated at 50 C for 72 h. To isolate the sporopollenin, the suspension was diluted with an additional 5 mL of acetone and centrifuged. The condensed solid was subsequently washed with 3 Â 10 mL of methanol by repeated centrifugation and obtained as a coarse tan powder after vacuum. As a control experiment, the reaction was repeated in the absence of iodine. In this case, the solid was recovered as a pale yellow powder. ATR-FTIR (R-1. Sporopollenin (n ¼ 3) that was previously derivatized as the acetonide by reaction with acetone and elemental iodine was suspended in 5 mL of 6 M hydrochloric acid. This suspension was heated at 40 C for 72 h, then the solid was isolated by centrifugation and washed with 3 Â 10 mL of deionized water and 3 Â 10 mL of methanol. Enzymatically-isolated sporopollenin (5 mg; n ¼ 3) was suspended in 5 mL of octanal containing 0.1% w/v elemental iodine (5 mg; 2 Â 10 À4 mol) and heated at 50 C for 72 h. The suspension was then diluted with an additional 5 mL of octanal and centrifuged to permit isolation of the sporopollenin, followed by repeated methanol washing as previously described. 2.2.18. Treatment of the sporopollenin-octanal acetal with elemental bromine (R-1.16) Sporopollenin (n ¼ 3) that was previously derivatized as the octanal acetal was suspended in 2.5 mL of chloroform, followed by the addition of 10 mL (2 Â 10 À4 mol) of elemental bromine. This suspension was protected from light and allowed to stand at ambient temperature (20 C) for 72 h. The solid was then recovered as described in the case of enzymatically-isolated sporopollenin. After vacuum, the product of this reaction was a tan residue. 
